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PREFACE. 

This work had its beginning in the fall of 1897, and is the 
result of suggestions and advice given by Doctor Oliver Peebles ' 
Jenkins of Stanford University. The writer is also under many 
obligations to Doctor Warren Plimpton Lombard of the Uni- 
versity of Michigan, and to Doctor Thomas Dennison Wood, 
now of Columbia University. 

This dissertation was presented to the Faculty in Physiology 
and Histology of the Leland Stanford Junior University during 
the spring of 1902. Results of other investigations carried on 
by the writer were presented at the same time. These other 
investigations have since appeared as follows : The Influence 
of Fatigue upon the Speed of Voluntary Contraction of Human 
Muscle, AmericaJi Journal of Physiology^ 1903, VIII, p. 355 ; 
Variations in the Amplitude of the Contractions of Human 
Voluntary Muscle in Response to Graded Variations in the 
Strength of the Induced Current, American Journal of Physi- 
ology^ 1903* VIII, p. 435 ; The Immediate Influence of Exer- 
cise upon the Irritability of Human Voluntary Muscle, Ameri- 
can Journal of Physiology, 1903, IX, p. 52. 



PART I. 

Some Forms of Apparatus Devised for 

Ergographic Research. 

The Study of Voluntary Muscular Contraction by the Ergo- 
graphic Method had its beginning about 1884, when Angelo 
Mosso repeated upon normal human muscle some of the exper- 
iments that had earlier been performed upon the muscles of 
lower animals. The results of Mosso' s work and of his pupil 
Maggiora are published under the title of "Die Gesetze der 
Ermiidung,"' and form one of the most valuable contributions 
to our knowledge of this subject. The type of apparatus used 
by these men has been employed in many subsequent investi- 
gations. Each investigator has made his own peculiar modifi- 
cation of the original type of machine, until we have now a 
great variety representing in their improvements the lessons, 
which each student has learned from his own experiences. 
The new machines here described are the results of the writer's 
experiences. Each of his modifications of the older Mosso 
ergograph represents a device calculated to be of more assist- 
ance in gaining accurate results than was possible with the 
older machine, and each modification is one of a series the 
other members of which have appeared upon trial to be less 
efficient than the modification finally adopted. 

The Mosso Ergograph. 

Mosso' s plan was to substitute human voluntary muscle for 
the excised muscle of lower animals so prominent in physio- 
logical experiments. In his search for a muscle in its normal 



^ Mosso : Archiv fur {Anatomie und) Physiologic y 1890, p. 89. a a ' 
Maggiora: Ibid., 1890, p. 191, ^.v^' 



8 Ergographic Apparatus 

state which could be utilized for such a purpose he tried 
a number, among which were the masseter, biceps, and gas- 
trocnemius. He finally decided that the muscles flexing the 
middle finger were most nearly what he desired. They are 
comparatively isolated, and consequently not greatly influenced 
by neighboring muscles. The tendon of origin is fixed to a 
stationary point, and the tendons of insertion are attached to 
freely moving parts ofTering conditions favorable for graphic 




Fig. I. — The Ergograph of Mosso.' 



record. Immobilization of neighboring and unneeded parts is 
easy, eliminating the possible interference of numerous moving 
parts, and permitting the use of one single part, i. e., the mid- 
dle finger. The control of the nerve and blood supply is com- 
paratively easy, thus permitting an experimental study of some 
of the influences exercised by each. With such conditions at 
his disposal Mosso planned his apparatus, fitting it to their 

' Mosso; ArchivfuT l^Anatomie uad) Physiologie,' i%go, p. 93. 



Ergograpkic Apparatus 9 

peculiar requirements. Figs, i and 2 represent the machine 
which Mosso invented. Fig. i shows his device for eliminat- 
ing all unnecessary movement, and for harnessing the middle 
finger to the weight with which it must work. Fig. 2 shows 
the arrangement for supporting the weight and for translating 
its movements into graphic records. In Fig. i, the arm and 
wrist clamps are indicated by the numbers / and 2. The 




Fig. 1. — The Ergograph of Mosso.' 
(Recording Carriage and Weight Check.) 

index and ring fingers are held in place by the brass tubes num- 
bered J and ^. The little finger is free. The weight cord, j, 
Is attached to a leather collar which fits over the terminal pha- 
lanx of the middle finger. In Fig. 2, the tracing point is let- 
tered Q, the carriage supporting the tracing point, R, O ; the 
rods on which the carriage moves connect the parts N and K ; 

'Mosso: Archiv/iir {Analomie und) Physiotogie, 1890, p. 92. 
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and W serves also as a check or buffer against which the car- 
ri^e strikes on the fall of the weight. The weight pulley is 
lettered T. 

When the flexor muscles are contracted, the middle finger 
flexes and pulls on the string numbered 5 (Fig. i). The 
clamps / and ^ and the brass tubes j and 4. (Fig. i) prevent 
any movement which otherwise would occur in the arm and in 
the index and ring fingers. On flexion of the middle finger 
the cord, 5, draws the carriage, 0, R, in Fig. 2, along its rod 
track and lifts the weight ; at the same time the point, Q, will 
move along its carriage and leave a record upon a properly 
arranged smoked surface. 

If the weight is great enough, and one flexes his finger rap- 
idly enough and often enough, the record gained might be 
something like the myogram in Fig. 3, a typical fatigue curve. 




Fig. 3. — Typical Fatigue Curve.' (Read from right to left.) 

This fatigue curve consists of forty single contractions, which 
would represent all the muscle could do at that particular time 
and under the experimental condidons then existing. The 
amount of mechanical work done can be found by measuring 



' Mosso ; Archivfar {Anatomit und) Physiologie, 1890, p. 206. 
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the height of each of these individual contractions, adding them, 
and then multiplying the total height by the weight lifted. 
This amounts here to 2.013 kgm. 

The muscles may be stimulated voluntarily or electrically ; 
they may be subjected to the influences of various weights, and 
various rates of contraction ; they may be experimented upon 
under the influences^ various physiological conditions, such 
as fatigue, rest, food, fasting, lack of sleep, diminished blood 
supply, and so on. The influences of these various factors 
upon the muscles may then be studied by observing the varia- 
tions on the profile of the fatigue curve, its number of contrac- 
tion records, its height, the amount of work it represents, the 
variation in the height of the line connecting the bases of the 
individual contraction records, and so on. 

The Modifications of Lombard. 

Lombard worked for some time with Mosso in Turin, and 
found it expedient to make several alterations in the machine 
used there. He devised a method for automatically recording 




Fig. 4. — Lombard's Modification.^ 

/, Tape graduated in centimeters. -?, Stationary clutch allowing tape 

to move in one direction, j, Moveable clutch drawing tape 

along when weight is lifted, and sliding over tape 

when weight is dropped. 



^Lombard : Journal of Physiology^ 1892, XIII, plate i. 
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the height The older method was to measure the height of each 
contraction record and add the results, thus finding the total 

height to which the weight was lifted. This w 
excessively laborious task, and the simple scheme 
for automatic measurement devised by Lombard is 
an exceedingly helpful addition to the ergograph. 

A drawing of Lombard's 
modification is given above 
(Fig. 4). A detailed ex- 
planation is not neces- 
sary, for in its principle 
and its main features it i: 
like the machine of Mo! 




■Treves' First Type of Ergt^raph,' 



The differences are found in the method of tracing movements 
and in the device for recording the total height to which the 
weight is lifted during an experiment. 

' Treves : Archiv itaiiennes de Biologie, 1898, XXX, p. 3. 
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Other Modifications. 

In the apparatus described above the same muscles were 

used in each case. Some other investigators have found it 

expedient to use other muscles and consequently have had to 

arrange their apparatus to fit such conditions. Fick has ex- 




Fig. 6.— Treves' Second Type of Ei^graph, 



perimented upon the muscle that abducts the index finger ; 
and Treves has carried on some of his experimental work with 
the muscles that flex the forearm on the upper arm. Fig. 5. 
Another and later modification of Treves is shown in Fig. 6. 

' Treves : Ardtiv ilalUnnes de Biologie, 1901, XXXVI, p. 39- 
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14 Ergographic Apparatus 

The features of this ergograph are the devices for communicat- 
ing the entire movement of the finger to the recording point 
and for making rapid and easy changes in the amount of 
weight to be lifted. ^ 

Along with the devices noted above there have come those 
in which the character of the resistance to be overcome has 
been varied. Instead of a constant weight, some students pre- 
fer to use a spring resistance so that the muscle accomplishes 
a maximal amount of work at each contraction, and at the same 
time when fatigue causes shorter contractions the resistance is 
proportionately reduced. In this manner it is possible to get a 
much greater amount of work out of the muscle. 

The spring resistance may be arranged so that the muscle 
can shorten in its normal way on each contraction, or the 
spring may be so strong that very little shortening results 
from the contraction.'' This later isometric form of contraction 
was used in the work of Fick, Franz and Hough. Other 
modifications consist in changes in the method of recording ; 
in the weight check ; in the attachment of the finger to the 
weight cord ; in the arm support ; in the position of the hand ; 
and so on. All have more or less influence upon the contour 
of the fatigue curve. For instance, the character of the weight 
check will have much to do with the rebound of the weight 
when falling, that is, on relaxation of the muscle. It is easy to 
see that such a rebound may be communicated to the record- 
ing device and so be a source of error ; or that in rapid con- 
tractions the rebound of one may influence the character of 
the following contraction. And again, the method of attach- 
ment of the finger to the weight will determine the amount of 
the finger movement that will be communicated to the weight 
and so to the recording device. 

^ The reader will note further on that these devices are very like 
those adopted by the writer for similiar and other reasons in his second 
type of ergograph. An account of Treves* modifications had not then 
been published. 

* Fick : Pfluger's Archiv, 1887, XLI, p. 176. 

Franz : American Journal of Physiology^ 1900, IV, p. 354. 

Hough : American Journal of Physiology y 1901, V, p. 241. 
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The modifications in the character of the resistance to be 
overcome at each contraction have produced the most important 
and suggestive changes in the contour of the fatigue curve. 
(See work of Treves, Hough, and Franz.) 

Apparatus Used by the Writer. 

Ergography Type i. 

The investigations for which the apparatus described below 
was planned were begun in the fall of 1897. Lombard's 
modification of the Mosso ergograph furnished the model for 
the first apparatus used. Some changes, however, were soon 
made, for it was deemed advisable to reduce the number of 
muscles taking part in each experiment. With the older type 
of machine each contraction represents the combined influences 
of the flexor sublimis, flexor profundus digitorum, and the 
lumbricales muscles. Other muscles probably assist in a minor 
degree, but these three groups are the important ones. The 
writer planned to get rid of the influence of two of these 
groups. This was accomplished by means of the device out- 
lined in Fig. 7. It consists of three upright rods. One is 
moveable, the other, two are stationary. The palm of the hand 
rests against one of the immoveable upright rods, and the 
fingers in the region of the second phalanges rest against the 
other immoveable upright rod. The moveable upright, ^, is 
then placed dorsally to the fingers and rests against them in the 
region of the proximal phalanges. This fixes the proximal 
interphalangeal joint and also the metacarpo-phalangeal joint, 
leaving the distal joint free. This immobilization is made with 
special reference to the middle finger, upon which most of the 
experimental work was done. The distal phalanx is controlled 
in flexion by the flexor profundus digitorum muscle. The 
insertion of the flexor sublimis digitorum and the lumbricales 
do not extend so far, consequently this device eliminates their 
influence. A further advantage may be found in the position 
of the hand as compared with that in the older machines. 
The position of supination necessary in Mosso* s ergograph is 
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hardly comfortable, and probably has a disturbing influence 
upon the results gained by that machine. The position de- 
scribed above is easier and more natural. 

The experiments performed by the author in 1 898 and 1 899 
were all carried out with the above modification of the Mosso- 
Lombard ergograph.* It permits of all the variety of experi- 
mental work possible with the older machine. 

Ergograph, Type 2. 

Experience with Type I taught some of its faults and some 
of its advantages. In the light of this experience it was 
planned to remodel the first ergograph with the following ad- 
vantages in view : first, a device that would record the whole 
movement described by the finger when influenced by the deep 
flexor muscles ; second, a device by means of which the height 
of the individual contraction records might be conveniently re- 
duced in the graphic records ; third, a weight support which 
would admit of easy variation in the amount and character of 
the resistance offered to the muscular contraction ; fourth, a 
check to the fall of the weight which would eliminate its re- 
bound ; fifth, a more accurate method of recording the total 
height to which the weight is lifted in each experiment. 

A half-tone of this ergograph is shown in Fig. 8 and a 
descriptive sketch in Fig. 9. In Fig. 9, the lettering may be 
explained as follows : /, 2^ and j, parts of an adjustable 
wooden cylinder which is gripped by the fingers not in use 
during an experiment ; 5 and <?, brass rod part supporting 
finger carriage, 13-14^ etc. ; dand 7, check for restricting move- 
ment of proximal interphalangeal joint (and consequently the 
influence of the flexor sublimis digitorum muscle); <?, brass 
piece holding pivot bearing for carriage— same device is seen 
below ; p, adjustable piece against which the ventral aspect 
of finger rests in the region of the second phalanx ; /o, ad- 
justable piece against which the ventral face of the distal 
phalanx rests ; //, adjustable disk regulating the distance 
which the finger may extend into the carriage ; I2y milled nut 

^Storey: Physical Education Review^ 1902, VII, p. 188. 
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controlling the position of // and lo ; ij, 14. and !§, finger 
carriag* ; 16, cord connecting with check disk ; and ij, check 
disk. 

When using the above apparatus, the hand grasped the 
cylinder i firmly. The second finger was passed in front of g 
and between y and /^ the end of the finger pressing against 
//. Care was taken that the cylinder i was at the most con- 
venient distance from $, and that the distal joint of the finger 




■Second Type of Ergograph. 



to be exercised should be directly between the pivoted bearings 
of the finger carriage. The check piece, 7, was then placed 
against the dorsal surface of the finger in the region of the 
proximal joint, thus restricting its movement. On flexing the 
last joint of the finger, the carriage moved easily on its bear- 
ings, the cord 16 was drawn forward on the suriace of 75, and 
the weight was thus lifted. By this means no part of the finger 



Front view. 




Fig. 9.— Second Type of Ergograph. 





Fig. lo.— Ergometer. 



Ergographic Apparatus 21 

movement was lost, all being communicated to the cord 16 and 
on to the weight. 

The concentric pulley seen in Fig. 8 represents a common 
method of reducing records of contractions. Its plan is simple, 
and evident from the drawing. 

The ergometer devised for use with this apparatus is repre- 
sented in Fig. 8. Its structure is shown more in detail in Fig. 
10. The purpose of this piece of apparatus is the summing up 
of the successive heights to which the weight is lifted during an 
experiment. The type used by Lombard was not altogether 
satisfactory : The tape wears out rapidly, often offering ob- 
structions to the accurate work of the clutches ; it is liable to 
stretch ; and cannot be compactly built. The ergometer 
described below is not open to such criticisms. 

In order to sum up the successive lift-heights accurately, the 
resistance of the recorder was made constant or negligible 
compared to the resistance offered by the weight. The move- 
able parts of the apparatus are as light as possible, so that their 
inertia is small. 

On referring to Fig. 10, one will note the following in ex- 
planation of its action : The weight cord passes over the pulley, 
a^ which moves back and forth with the cord as the weight is 
raised or lowered. When the weight pulley revolves to the 
left, the spring, r, attached to it, slides over a ratchet in the 
wheel, ^, but when the weight is lowered and the pulley, ^, has 
a movement to the right, these springs engage the ratchet on 
the side of the wheel, b, and force b to revolve with a. The 
wheel b has another ratchet on its edge which prevents its re- 
volving when the weight is raised. A pointer could be attached 
to the ratchet wheel, ^, and provided with a suitable scale, but 
the wheel would have to be inconveniently large to make such 
a direct record. To overcome this difficulty the wheel a is 
made about 10 cm. in diameter and the speed of the pointer or 
hand is geared down. Two hands are provided, and the gear- 
ing so arranged that the large hand registers 2 meters for one 
revolution, and the small hand moving half as fast, records 24 
meters for each complete revolution. Thus with the two 
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hands a small or large record can be made with equal accuracy. 
Fig. II is a representation of the oil dash-pot devised to 
eliminate the rebound ordinarily appearing on fall of the 
weight at each relaxation of 
the muscle. The lettering 
may be described as follows : 
/, rod connecting dasher 2 
with the lever supporting the 
weight ; 2, dasher ; j, oil 
chamber below dasher ; 4., 
valve connecting j with j, 
passage to (5 ; 6, passage to 
10 ; 7, opening into regulat- 
ing valve ; 8, stop-cock reg- 
ulating flow of oil through 7 
and g ; <), opening from 7 
and 8 into JO ; and 10, open- 
ing into chamber above 
dasher. 

On raising the rod and 
dasher / and 2 the oil in the 
cylinder passes out through 
10 and up into j from g and 
7 and 6, /, and 4. There 
is here no restriction to the 
upward movement of the 
dasher. On the fall of the 
dasher its speed of fall may 
be regulated by the stop- 
cock 8, which controls the 
size of the aperture through 
which the oil travels from 7 
to g and 10 into the upper 
chamber. 

Fig, 12 is an oudine of 
the arrangement of the dash- 
pot and weight- support. In 
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this plan, / represents the dash-pot ; 2^ the shaft connect- 
ing the dasher with ^ ; ^, the calibrated weight-support ; 
5, the adjustable weight ; and d, the cord leading over the 
* * Arbeitsammler ' * to the finger-carriage. 
This ergograph then satisfies the wants outlined above. It re- 
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Fig. 12. — Weight Lever and Dash-Pot. 

cords the entire finger movement on each contraction ; it permits 
a reduction in the height of records on the drum for convenience ; 
it has a lever device which reduces the throw of weight and 
permits of an easy variation in the value of the weight to be 
lifted ; it will admit of the application of a spring resistance for 
isometric work ; it is provided with a dash-pot check which 
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eliminates the rebound which might follow on the fall of the 
weight on relaxation of the muscle ; and it has a more accurate 
and compact " Arbeitsammler " than the older forms of ergo- 
graph. 

Ergograph, Type 3. 

During the spring and summer of 1900 the writer carried on 

some work in the physiological laboratory of the University of 

Michigan under the direction of Dr. Warren P. Lombard. 

The object of this work was the study of fatigue through 




Fig. 13. — Third Type of Ergograph.' 

changes in the speed of the movement resulting from the con- 
traction of voluntary muscle in response to electrical and 
voluntary stimulation.' The older form of ergograph was found 
unsatisfactory for such studies because of the number of mus- 
cles employed to operate it. Even with the flexor sublimis 
digitorum and lumbricales muscles eliminated, as is the case in 
the modifications described above, there is still left a complex 
muscular influence in the flexor profundus digitorum. A vol- 

'Storey: American Journal of Physiology, 1903, VIII, p. 355. 
' Lombard ; American Journal of Physiology , 1902, VI, p. xxiv. 
Storey ; American Journal of Physiology., 1903, VIII, p. 356. 
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untary stimulus can not be confined to one division of this 
muscle. If one Bnger is flexed all are influenced more or less 
by the contraction. The same is true with electrical stimula- 
tion. It was desired, then, to use a muscle more simple in its 
connections and influences. After trying the abductor minimi 
digiti, and the abductors of the thumb, the abductor indicis or 
first dorsal interosseous muscle was selected as hang most 
nearly satisfactory. (This is the muscle used by Fick and with 
the Harvard ergograph.) It was found easy to isolate it for 
voluntary and electrical stimulation. The apparatus described 
below was devised for experimentation with this muscle. It 
can be used also with the abductor minimi dig^d. 




Fig. 14. — Third Type of Ergograph. E>i:scriptive side view.* 

Another criticism of the older ergograph is found in the fact 
that some motion is lost in the mechanical connections between 
the finger and the recording point. The graphic record does 
not represent the entire movement described by the finger. 
The &ult lies to a large extent in the connection between the 
finger and the weight-cord. When the finger pulb directly 
upon the weight-cord all the movement is communicated to the 
cord ; but when, during the later stages of each flexion, the 
finger pulls more and more at an angle to the direction of the 
wdght-cord, then more and more movement must be lost If 
the finger could continue its movements beycmd the limits 

' Storey : American Journal o/P^siology, 1903, VIII, p. 356. 
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established by its natural restrictions it would describe a more 
or less circular course, the centre of which would be at the 
metacarpo -phalangeal joint. At one stage the finger would, 
in that case, be moving in a direction exactly opposite to that 
of the initial movement, and the weight would not be lifted at 
all. This fault is eliminated in the device described below and 
also in the ei^c^raph described as Type 2. 




Fig- 15. — Third Type of Ei^ograph.' Top view, descripti' 



The lettering in Figs. 14 and 15 may be explained as follows : 
a, forearm support ; ^, wrist support ; d, combination of hand 
support and electrode held by rod c; e, adjustable brace 
against which the little finger rests ; /, adjustable brace holding 
middle finger in place ; g, adjustable brace at ends of fingers ; 
k, adjustable thumb-clamp ; j and k, adjustable braces for 

'Storey; American Journal 0/ Physiology, 1903, VIII, p. 356. 
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index finger resting upon a horizontal support. The dotted 
lines, Fig. 15, show the position of the index finger support 
and carriage when the abductor indicis is contracted. The 
pulleys in the cuts may lead off either to the weight or to the 
recording points. The record may be made directly from the 
point on the end of the horizontal support for the index finger. 

The concentric pulleys have a brass cylinder as their axis. 
This cylinder fits over a pivoted core. The cylinder supports 
the horizontal piece on which the index finger rests. This 
horizontal piece then moves in a radius about the pivoted core 
of the cylinder, and is the means by which the movement of 
the finger is communicated to the pulleys below or to the 
recording point at its end. 

In working with this machine the palm of the hand rests in 
a position of pronation upon the support dy which may be 
used as an electrode' when needed. The wrist and the arm are 
supported by the parts b and a respectively. The second and 
third fingers lie between the brace /and the one behind. The 
index finger is held in position by the braces j and k. The 
metacarpo-phalangeal joint of the index finger is placed as 
nearly as possible directly over the center of the movement 
which the concentric pulleys, seen in the Cuts, describe about 
their pivot core. 

When the index finger is abducted, the lever arm supporting 
it is pushed out toward the region of the dotted lines indicated 
in the cut. This movement may be recorded directly from the 
end of the lever, or by means of a thread passing from one of 
the pulleys to any of the ordinary recording points which one 
may choose to adopt for his use. The actual amount of mus- 
cular shortening occurring during abduction of the index finger 
is very small. The muscle is inserted in the radial side of the 
phalanx, just above the metacarpo-phalangeal joint. This 
arrangement forms a lever of the third class. In the writer's 
case the amount of movement at the base of the first phalanx 
is about 4 millimeters, which represents a shortening of some- 
thing like 8% of the total length of the muscle. 

The resistance to be overcome on each contraction is indi- 
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cated in the cut as being produced by a weiglit resting on a 
lever. A shifting of this weight changes its value as a resist- 
ance. Any other sort of resistance may be used, i, ^., mass or 
spring, isotonic or isometric. 

SUMMARY. 

The ergograph described above ** permits of an accurate rec- 
ord of the angular movement about the metacarpo-phalangeal 
joint of the index finger. It may be employed both by volun- 
tary and electrical excitation of the abductor indicis. It enables 
the muscle to work against a weight or spring, and isotonically 
or isometrically. It permits movements of the finger to be 
recorded directly on a horizontal or vertical drum, or indirectly 
by means of a distant lever or other appropriate device. It 
allows the use of various forms of * Arbeits^mmler * in connec- 
tion with it. It permits the attachment of weights so that the 
strain on the finger shall (except for inertia effects) be constant, 
and the effect of the throw of the weight be minimized.** * 

APPARATUS USED IN CONNECTION WITH THE THIRD TYPE 

OF ERGOGRAPH. 

Several pieces of apparatus were devised in order to handle 
electricity as an excitant for voluntary muscle. And the prob- 
lem of obtaining graphic records of a complete series of con- 
tractions which would show velocity changes was one necessi- 
tating the construction of some special machinery. 

For the purpose of electrical excitation of muscle, the appa- 
ratus employed must have several very essential qualities. It 
must send stimulations to the muscle regularly. The time 
interval between stimulations must be variable as the conditions 
of the experiment may require — but once selected, the rhythm 
must not change. The strength of the stimulation and the 
number of individual shocks in each stimulation must be under 
control. Therefore the apparatus that deals out electrical 
stimulations in such experiments as these must admit of such 

^ Lombard : American Journal of Physiology ^ 1902, VI, p. xxiv. 




Fig. i6. — Electric Pendulum. 
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adjustment as will make it possible to use the simplest form of 
electrical shock when necessary, and to increase the number, 
strength, apd rhythmic recurrence of those shocks as may be 
desired. These possibilities are offered in part by the pendu- 
lum described in Figs. i6 and 17. 

Fig. 17 is a descriptive drawing of the pendulum used to 
regulate the electrical stimulation of voluntary muscle. The 
view is from behind. The shaft of the pendulum is three feet 
long. The lettering may be explained as follows : / represents 
the magnets which keep the pendulum swinging ; -?, the arma- 
ture on which the magnets act. The armature is attached to 
the pendulum shaft, j and 4. are cams attached to the pendu- 
lum shaft. On each swing the first cam lifts the bar, 6, The 
bar is pulled down by a spring, and consequently drops as soon 
as the first cam passes. The lifting of the bar, d, dips two 
amalgamated points at 7 into the mercury cup. One of these 
points makes a current through the magnet at /. This dfaws 
the armature and gives impetus to the swing of the pendulum. 
The other amalgamated point at 7 makes a current through 
a primary induction coil of an inductorium. As the pendulum 
swings farther the bar, d, is released between the cams and is 
then immediately lowered by being pressed downward by the 
second cam. This breaks the magnet and primary circuits. 
The magnetizing current being broken when the pendulum is 
in the midqle of its swing allows the momentum just given to 
the pendulum to be used in swinging it onward with no imped- 
iment. By this means the attraction of the magnet for the 
armature is exercised during the proper portion of each vibra- 
tion of thejpendulum. 5 is a curved wire attached to the pen- 
dulum shaft. Its purpose is to dampen the vibrations of the 
bar» d, when it is released from the second cam on each swing, 
d, 7, and Q are parts of the amalgamated key described with j 
and ^. T le primary current may go through either mercury 
cup, 7 or y, as the operator may choose to arrange, p is a 
mercury cip in the secondary circuit from the inductorium. 
10 is an arialgamated copper piece attached to the shaft of the 
pendulum.' It dips into the mercury cup at p on each swing of 
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Fig. 17.— Electric Pendulum. View from behind, descriptive. 
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the pendulum. This key at p, /o, is so placed that it can be closed 
either at the make of the primary currents, if it is made through 
8^ or at the break of the primary current, if it is made through 
7. This permits the operator to use either make or break 
induced current, as he may choose. By arranging the second- 
ary circuit so that it will be closed all the time, and then put- 
ting the vibrating armature on the induction coil on a separate 
current, which does not affect the primary coil, one can obtain 
a rhythmically recurring series of stimulations from the second- 
ary; depending for its number of shocks upon the length of 
time in which the amalgamated points are dipped va j or 8 
during each swing of the pendulum. 

A stream of water passing over the mercury cups in the pri- 
mary and magnetizing circuits removed the products of oxida- 
tion which otherwise would accumulate there. An adjustable 
bobbin and a weighted top-piece on the pendulum permit of a 
variation in the swing of the pendulum and a consequent varia- 
tion in the rhythm of excitation. 

With the pendulum described above one may obtain a single 
make current or a single break current, or a short series of cur- 
rents, at any interval of time between once a second and three 
times a second. 

General Summary. 

In conclusion, it may be stated that the different forms of 
apparatus described above possess the following advantages : 
They offer an opportunity for the study of the contraction of a 
simple group of muscles, the flexor profundus digitorum, or 
of a single muscle, the abductor indicis or the abductor minimi 
digiti. They offer easy facilities for the use of electricity as an 
excitant, allowing a control over the rate, strength and 
character of the stimulation ; the most important advantage 
in this connection being found in the opportunity for gaining a 
series of excitations (single shocks or groups of shocks) of 
equal value. There is no binding or cramping of the fingers 
or other parts because of clamps or unusual positions main- 
tained during an experiment. The character of the resistance 
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to be overcome may be easily varied. It may be isotonic or 
isometric. The throw of heavy weight may be reduced by the 
form of leverage used. The rebound of falling weights may be 
eliminated. Graphic records may be obtained directly or at a 
distance by means of a connecting thread and appropriate 
devices. A new form of accurate recorder of total contraction 
height has been shown. Other forms of ergometer or ** arbeit- 
sammler** may be substituted when desirable. 

Finally, the writer wishes to thank Mr. Arthur O. Austin 
mechanic for the Department of Physiology, Stanford Univer- 
sity, for his very great assistance in the suggestion and execu- 
tion of mechanical details. 
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PART II. 



Further Observations upon the Normal 
Daily Variation in the Power of Vol- 
untary Muscular Contraction. 

In an earlier paper upon this subject the writer stated the 
results of a series of experiments carried out during the sum- 
mer of 1899.* Those results indicated that in the case of the 
observer there was a daily variation in voluntary muscular 
power consisting of a morning rise until ten or eleven ; a fall 
from that time until noon ; a rise from then until three or four 
o'clock in the afternoon ; and then a fall until evening. 

The following criticisms may be made concerning the earlier 
investigation : The period of time over which the experiments 
extended may perhaps have been too short to afford adequate 
evidence upon which to base conclusions ; and the results 
were gained from a study in individual physiology, and should 
be substantiated by observations made upon other individuals 
before being regarded as evidence pointing toward a general 
law. 

These criticisms have prompted the investigations reported 
below. They consist of two lines of work, — one dealing with 
experiments carried on by the writer with himself as a subject ; 
the other dealing with experiments carried on by the writer 
with other individuals as subjects. 

The details of procedure followed in each experiment with 
voluntary muscular contraction were the same in the investiga- 
tions herein reported as in the investigations which formed the 
basis for the paper referred to above. However, it may be 
well for the sake of clearness to note again some of the features 

* Storey: Physical Education Review, 1902, VII, p. 188. 



36 Normal Daily Variation 

of a typical experiment. In the experiments accomplished 
with the first and second types of ergograph the subject works 
with the deep flexor muscles of the forearm. In those experi- 
ments performed with the third type of ergograph, the subject 
works with either the abductor of the index finger or the 
abductor of the little finger. 

In every experiment with voluntary contraction the muscles 
are contracted regularly and in rhythm with a swinging pendu- 
lum. The muscle is worked either to a condition of inability 
to lift the weight then in use or it is contracted a certain 
predetermined number of times. The record of each experi- 
ment consists of an ordinary graphic record and a height record 
obtained by means of an * * arbeitsammler " or * * ergometer. * ' 
For example, at 8 a.m. on the 2d of August, the subject 
was able to lift with the second finger of the left hand, under 
the conditions outlined above, a weight of 3.4 kilos to a 
height 0^24 cm.; and at 10 a.m. on the same day and under 
the same cpnditions he was able to lift the same weight to a 
height of 28.7 cm. At the same hours his records with the 
second finger of the right hand were 45 cm. and 51.4 cm. 
respectively. 

Each day*s work in this research consists of a series of these 
records taken every hour or every two hours. These records 
have been grouped together in tables for each individual. In 
this paper summaries of those tables are given indicating the 
total number of comparisons in each which show a gain, and 
the total number which show a loss. A sample of those tables' 
is given in Tables I and II ; the rest of these tables are omitted. 



I. EXPERIMENTS IN WHICH THE WRITER WAS 

THE SUBJECT. 

A. Voluntary Contraction. 

On comparing the records of work done by voluntary con- 
traction, made by the writer, the following relations are appar- 
ent : The records at 10 a.m represent a greater amount of 



Voluntary Miisciilar Contraction 37 

mechanical work than those made at 8 a.m. on the same day 
and under the same mechanical conditions ; the records made 
at 12 m. show less work than those made at 10 a.m.; the 
records at 2 p.m. show an increase over those made at 12 ; 
those at 4 p.m. show an increase over that made at 2 p.m.; 
and those made at 6 p.m. show a decrease over those made at 
4. That is to say, there was greater power for voluntary 
muscular work between 8 and 10 a.m. and between 12 m. and 
4 p.m. than between 10 a.m. and 12 m. and between 4 and 
6 p.m. 

SUMMARY COMPARING RECORDS MADE EVERY TWO HOURS. 

8 a.m. 10 a.m. 12 m. 2 p.m. 4 p.m. 
Between and and and and and 
10 a.m. 12 m. 2 p.m. 4 p.m. 6 p.m. 

No. of comparisons showing gain . 94 6 94 83 9 
No. of comparisons showing loss . . 7 97 9 9 97 



Total No. of comparisons loi 103 103 92 106 

There is a gain in power between 8 and 10 a.m. in over 
90% of the records taken ; between 10 a.m. and 12 m. a gain 
in less than 10% of the records ; between 12 m. and 2 p.m. 
there is a gain in over 90% of the records ; between 2 and 4 
p.m". a gain in a little less than 90% ; and between 4 and 6 
p.m. a gain in a little less than 10%. 

SUMMARY COMPARING RECORDS TAKEN HOURLY. 

Between 7 a.m. 8 a.m. 9 a.m. 10 a.m. 11 a.m. 12 ra. i p.m. 2p.m. 

No. of comparisons 

showing gains .. . 6 24 i6 12 4 5 11 
No. of comparisons 

showing losses . . o i 5 4 20 i 3 

Total No. of com- - — — — — - — 

parisons 6 25 2i 16 24 6 14 

Between 2 p.m. 3 p.m. 4 p.m. 5 p.m. 6 p.m. 7 p.m. 8 p.m. 9 p.m. 

No. of comparisons 

showing gains. .. 28 14 2 3 53 o 
No. of comparisons 

showing losses . . i 6 16 17 13 5 

Total No. of com- — — — — - - - 

parisons 29 20 18 20 6 6 5 
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The summary of comparisons of records made at one hour 
with records made the next hour following is almost identical 
with that outlined above on the basis of comparisons made 
every two hours. In the morning the marked decrease in 
power comes after 10 or 11 o'clock ; in the afternoon it comes 
after 3 or 4 ; and in the evening after 7 or 8. 

SUMMARY OF RECORDS TAKEN ON THE ODD HOURS BETWEEN 

7 A.M. AND 5 P.M. 

Between the hours of 7 a.m. 9 a.m. \\ a.m. i p.m. 3 p.m. 5 p.m. 

No. of comparisons show- 
ing gain 12 4 14 6 I 

No. of comparisons show- 
ing loss .0 18 o 9 II 



Total No. of comparisons . 12 22 14 15 12 

These figures indicate the same variations shown in the pre- 
ceding comparisons. There is a morning rise indicated be- 
tween 7 and 9 a.m.; then a fall between 9 and 11 a.m.; a rise 
between 11 a.m. and i p.m.; a tendency to fall between i and 
3 p.m. ; and a final decided fall between 3 and 5 p.m. 

Sumfnary, — From the above it would appear that in the 
case of the writer there is ordinarily a morning rise in volun- 
tary muscular power lasting until 10 or 11 o'clock ; from 10 
or II a.m. until noon there is usually a pronounced decrease 
in ability to do voluntary muscular work ; from noon until 3 
or 4 p m. there is another rise in power ; from 4 until 6 there 
is a decrease ; from 6 until 7 or 8 there is a rise ; and from 7 or 
8 on there is a decrease in power. 

Table I. 

Conditions under which the experiments summarized above 
and recorded below were performed : 

These experiments were done with the deep flexors of both 
middle fingers ; with the left abductor indicis and with the 
right abductor minimi digiti. 

The first and second types of ergograph were used with the 
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flexor muscles. The third type of ergograph was used in exper- 
iments performed with the other muscles. 

The rhythm of contraction was once a second. A pendulum 
gave the signal visually. 

The time occupied in each effort was about a quarter of a sec- 
ond in contraction ; a quarter of a second in relaxation ; and 
a half a second in rest. 

The weight was varied from time to time both in amount and 
in character. Where a spring resistance was used at was so 
regulated as to give nearly the normal amplitude of move- 
ment possible with the greatest effort when the patient was 
fresh. 

The contractions were all voluntary ; each was willed to be 
the greatest possible at that time. 

The number of contractions was limited on some days. In 
such cases it was determined previously that the number of 
contractions selected would give some degree of fatigue. 
Where the muscle was worked to ** fatigue,'* i, e,^ to a con- 
dition of inability to lift the weight without changing the rate 
of contraction, the first failure to raise the weight was taken 
as a signal to stop the experiment. ! 

The recording device was hidden from view so that the sub- 
ject would have no knowledge of the amount of work accom- 
plished during the experiment. 

In no case were records compared in which any change in 
mechanical conditions had occurred. Such conditions were 
planned to be constant throughout in all comparisons. 

The writer subjected himself to a regular daily regime, allow- 
ing no unusual or disturbing influences to affect him during the 
period of experimentation. His sleep, meals, and records 
were regular ; his mental and physical work was not of a 
severe nature, and was regulated in occurrence ; and he was 
in good bodily health. 
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42 Normal Daily Variation 

B. Contraction Excited by Electrical Stimulation. 

Table II gives some height records made by voluntary 
muscle in response to electrical stimulation. The conditions 
under which these records were made are outlined mth the 
tables. On comparing the records of electrical excitation 
shown in Table II one finds about the same periods of gain 
and loss that are shown in the summaries above. 

SUMMARY OF TABLE II. 
Between the hours of 7a.m. 8 a.m. 10 a.m. 12 m. 3p.m. 4 p.m. 6p.m. 8 p.m. 9 p.m. 

No. of compari- 
sons showing a 
gain 7 24 14 21 13 3 6 2 

No. of compari- 
sons showing a 
loss o 4 14 8 13 22 I 5 

No. of compari- 
sons showing 

no change .... o o o o i o o o 
Total No. of -___—_ 

comparisons. 7 28 28 29 27 25 7 7 

These records show an increase in power until about 10 
a.m.; then a lessened increase until noon ; another increase 
between 12 and 2 p.m. ; a decrease between 2 and 4 p.m.; a 
marked decrease between 4 and 6 p.m.; an increase between 
6 and 8 p. m. ; and a decrease between 8 and 9 p. m. 

Between 7 and 8 a.m. there was a gain in every case • 
between 8 and 10 a. m. there was a gain in about 90% of the 
records ; between 10 and 12 m. the gain came in only 50% ; 
between 12 and 2 p.m. the gain came in over 70% ; between 
2 and 4 p.m. in about 50% ; between 4 and 6 p.m. in about 
12% ; between 6 and 8 p.m. in about 85% ; and between 8 
and 9 p.m. gains came in only 28% of the number of records 
taken. 

Conclusion. — From the above it would appear that in the 
case of the writer there is a daily variation in muscular power, 
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as indicated by contraction in response to electrical stimulation 
which corresponds very closely with his ability to do voluntary 
muscular work. In each variation there is a morning period 
of increasing ability lasting until 10 or 11, then a decrease 
until about^noon ; then an increase until sometime between 2 
and 4 p.m., and a decrease beginning sometime between 2 and 
4 p.m. and being usually most evident at 6 p.m.; another 
increase between 6 and 8 p.m. ; and finally a decrease between 
8 and 9 p.m. 

It is evident, then, that in the writer's case the power of his 
muscles to do work is subject to a daily rhythm, which is 
apparently much the same, whether the muscular work be 
evoked by a voluntary nervous or by an electrical stimulation. 

Table II. 

Conditions under which the experiments recorded below were 
performed: 
The ergograph referred to above as Type 3 was used in 
every case. The batteries used for generating the current to 
the inductorium were Edison-Laland cells, * * Type S. * ' The 
coil in use was one of 10,340 windings, being Lud wig's modifi- 
cation of the Du Bois Reymond inductorium. An electric 
pendulum was used to apportion and control the electric cur- 
rent. Two cells gave the current for the primary circuit. The 
secondary coil stood at a distance of 8. 5 cm. from the primary 
in every case save on the first day, when it was placed at a dis- 
tance of 8.4 cm. On this day the muscle was excited by a 
single induced current and it contracted against a light rubber 
band. On all subsequent days each excitation was caused by 
six induced currents occupying a period of one- tenth of a second 
and the muscle worked against a spring with a resistance of 0.75 
kg. Up to the second of September 100 contractions were 
made in each experiment. After that date 50 contractions 
were made in each experiment. Changes in these details are 
indicated on page 45. Care was taken that the position of the 
arm was constant in each experiment ; that the electrodes were 
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48 Normal Daily Variation 

It was a constant. The variables which caused the diurnal 
changes indicated in the table must have found their origin 
somewhere else. 

The results of these tests are recorded in Table III. The 
important figures are those giving the percentage of com- 
parisons showing gains at the different hours. One series of 
these figures shows the percentage of gains for the right hand, 
another for the left, and another for the right and left. The 
three show the same features. In each case the periods of 
least gain are between 1 1 and 1 2 in the morning, and between 
5 and 6 in the evening, while the greatest percentage of com- 
parisons showing gain in power come between 10 and 1 1 in the 
morning and between 3 and 4, and 4 and 5 in the afternoon. 
The percentages giving comparisons of losses at these different 
hours are equally instructive. The percentages of gains in both 
hands show that there is a gain in about 45% of the compari- 
sons between 10 and 11 ; this is reduced to a little less than 
38% between 11 and 12 m.; between 3 and 4 p.m. there are 
about 40% of comparisons showing gain ; between 4 and 5, 
about 39% ; and between 5 and 6 it falls to 32%. 

If one compares the percentage of gain with the percentage 
of loss with both hands each hour he finds the same relation 
more apparent. Between 10 and 11 a.m. the percentages of 
gain and loss were about the same, the number of comparisons 
showing gains being 49% greater than the number showing 
loss. Between 11 and 12 m. the number of comparisons show- 
ing loss were 14% more than those showing gain. Between 3 
and 4 p.m. the number showing loss was only 6% greater; 
between 4 and 5 p.m. the number was 8% greater; and between 
5 and 6 p.m. the number of comparisons showing a loss was 
23% greater than the number showing a gain. 

It is evident that in these five periods the periods of great- 
est liability to loss in muscular power, as shown by the dyna- 
mometer test, are between 1 1 and 12 m. and between 5 and 6 
p.m. ; and that of the five periods here compared the first, u e.y 
between 10 and 11 a.m., shows the least tendency to loss in 
power. From the above it may be seen that in the records of 
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these several hundred students there appears to be an evidence 
of the same sort of daily variation in voluntary muscular power 
as was found in the case of the writer. There is evidence of a 
morning period of muscular ability between 10 and 11 ; there 
is an evidence of a subsequent diminution in power between 1 1 
and 12m.; there is an evidence of a tendency toward a rise in 
power between 3 and 4 p.m. ; about the same condition between 
4 and 5 p.m. ; and finally, there is an evidence of a tendency to 
lose in power between 5 and 6 p.m. 

These periods of muscular ability and subsequent decrease 
in that ability occur at very nearly the same hours of the day as 
did those same periods in the case of the writer with either vol- 
untary or electrical excitation. 



TABLE III. 

Comparisons of Grip Records of Three or Four 

Hundred Students. 

Total No. of Comparisons Right Haud I«eft Hand 

Total No. of comparisons 4903 4604 

No. of comparisons showing a gain i 1852 1767 

No. of comparisons showing a loss 2456 2293 

No. of comparisons showing no change [ 595 544 

Percentage of gains 7>1 -11 3^ • 37 

Percentage of losses 50 • 09 49 . 80 

Percentage no change 12.14 11-83 

Total No. of gains 3619 = 38 . 06 % 

Total No. of losses 4749 = 49 . 84 % 

Total No. no change 1 139 = 12 . 10 % 



No. of comparisons 95^7 100.00 °/o 
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B. Ergographic Records Made by Different 

Individuals. 

7. Voluntary Contraction, 

When one attempts to find the normal daily variation in 
voluntary muscular power, he must obtain daily records in 
which no unusual, i. ^., abnormal, influences are present. The 
experiments made by the writer upon himself as before indi- 
cated were carried out under a regular regime. It is not 
altogether impossible for one so to arrange his daily habits as 
to eliminate irregular influences due to irregular meals, irregu- 
lar sleep, excessive and irregular exercise, severe and irregular 
mental work, and so on. Such factors in one's daily life can be 
adjusted when there is a proper occasion for such adjustment. 
One interested in a physiological investigation naturally regards 
the successful termination of that investigation as well worth 
any more or less inconvenient adjustment of daily habits which 
may appear to be necessar}^ But when a less interested party 
is called in and asked to lend his assistance, it is not so easy 
to secure a regularity of daily life in his case. And there are 
other difficulties. In such an event, the individual must be 
taught how to operate an ergograph. He must learn how to 
confine his muscular contractions to the proper group of mus- 
cles or to the proper muscle ; he must learn to put all his abil- 
ity into every test ; he must be protected from any disturbing 
influence during the experiment, such as conversation, sudden 
excitement, view of the ergographic record, or action of the 
ergometer or * * Arbeitsammler.' ' 

As a rule, other individuals are too busy with their own 
affairs to surrender themselves so completely to one's devices 
as to be anything like ideal subjects for such work. 

It can be stated, however, that in the experiments recorded 
below every effort was made to place the individuals under 
regular influences so far as the writer was able to control these 
influences. All records made under unmistakably adverse 
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conditions were ruled out. By * * unmistakably adverse condi- 
tions '* the writer means : improper manipulation of the ergo- 
graph ; pain from wrong position of the finger in its carriage ; 
irregular rhythm of contraction ; sleepless nights ; physical 
indisposition, e, g,^ bad digestion, etc. 

It must be further stated that in no case was the individual 
aware of any theory of daily variation in muscular power. The 
writer took great care not to express himself on such a subject. 
In fact it may be said that the young men on whom these 
experiments were made are probably at this writing not aware 
of any daily rhythm. They did not know the exact object of 
the work during the experimental season. However, for the 
above reasons, the following tables and statements referring to 
ergographic studies made upon other individuals are presented 
with some hesitation. Standing alone, they can not be regarded 
as affording any convincing evidence. But when compared 
with each other and with the observations made elsewhere in 
this paper, they appear to show certain features in common, 
and for that reason can not be ignored. 

Case of A. A. O. — Age 21. Strong and in good health. 
Student in electrical engineering department, making his way 
through the university by doing mechanical work. 

The summary of the records made in this case shows the 
following relations : There is an unmistakable increase in 
ability to do work between 6 and 8 a.m. Such an increase is 
also evident between 8 and 10 a.m. ; the number of records 
made between 8 and 10 is too small to afford satisfactory evi- 
dence. Between 10 and 12 m. the tendency to gain in power 
is not so great as in the earlier comparisons ; here again the 
number of records is too small. Between 12 and 2 p.m. the 
relations are the same as between 10 and 12, with the same 
lack of a sufficient number of records. Between 2 and 4 p.m. 
there seems to be a tendency to gain in power ; not enough 
records here. Between 4 and 6 p.m. the amount of gain 
decreases again ; still not enough records. Between 6 and 8 
p.m. the tendency toward a decrease in voluntary muscular 
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ability is undoubtedly present. Between 8 and 10 p.m. this 
decrease is still evident. 

To sum up : A. A. O. demonstrates an increasing ability to 
do voluntary muscular work between 6 and 8 and 8 and 10 
a.m. ; between 10 and 12 and 12 and 2 there is probably a de- 
crease in such ability ; between 2 and 4 there is a slight 
increase ; between 4 and 6 not so much ; and between 6 and 8 
and 8 and 10 an unmistakable tendency toward a decrease in 
such power. The only interpretation which these records 
justify is that there is a morning rise in voluntary muscular 
power, lasting perhaps until 10 a.m. ; that there is some slight 
evidence of an afternoon rise ; and good evidence of a reduction 
from 6 until 10 p.m. 

SUMMARY. 
Between the hours of 6a.m. 8 a.m. loa.m. 12 m. 3 p.m. 4 p.m. 6 p.m. 8 p.m. 10 p.m. 

No. of compari- 
sons showing a 

gain 20 6 3 26 6 5 5 

No. of compari- 
sons showing a 

loss 3 2 3 2 3 4 13 13 

Total No. of — - - - - -^ _ _ 
comparisons. 23 8 6 4 9 10 18 18 

Case of H. C. — Age 22. Strong and in good health. 
Student in engineering department, making his way through 
college by doing mechanical and carpenter work. 

The records of H. C. show the following variations to a 
more or less marked degree : Between 6 and 8 a.m. an un- 
doubted gain in voluntary muscular ability ; between 8 and 10 
a diminution in gains ; between 10 and 12 a continuation of 
the condition evident between 8 and 10 ; between 12 and 2 a 
loss in ability ; the number of comparisons showing loss ex- 
ceed those showing gain ; between 2 and 4 too few records 
to be of value ; between 4 and 6, not enough records here ; 
between 6 and 8 gains and losses more nearly equal ; between 
8 and iq a very noticeable tendency to lose in power. 
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To sum up, there is here a tendency to gain in power 
between 6 and 8 a.m. ; between 8 and lo a.m. and lo and 12 m. 
gains and losses are about equal ; between 12 and 2 p.m. there 
is a tendency to lose ; between 4 and 6 and between 6 and 8 
p.m. the gains and losses are nearly equal ; between 8 and 10 
a.m. the losses predominate. 

One is justified in interpreting these records, perhaps, as fol- 
lows : In the case of H. C. there is an undoubted tendency to 
gain in voluntary muscular power up to about 8 a. m. ; from 8 
a.m. until noon the muscular condition is perhaps constant, 
/*. e., the gains and losses are about equal ; at 2 p.m. there is 
less muscular ability as a rule than at noon ; between 6 and 8 
p.m. such ability is constant ; and between 8 and 10 p.m. 
there is a loss in voluntary muscular ability. 

Case of H. C. — Ergograph, type 3. Weight, 2 kg. 
Rhythm, \\ 

SUMMARY. 
Between the hours of 6 a.m. 8 a.m. loa.m. 12 m. 2 p.m. 4 p.m. 6p.m. 8p.m. 10 p.m. 

No. of compari- 
sons showing a 
gain 14 9 lo 4 2 3 10 3 

No. of compari- 
sons showing a 

loss 5 8 9 8 I 4 12 10 

Total No. of — — — — - - — — 
comparisons... 19 17 19 12 3 7 22 13 

Case of F. S. — Age 28. Married. Strong and in good 
health. Mechanic, with plenty to do. 

The records of F. S. show the following variations : between 
8 and 10 a.m. an undoubted gain in power ; between 10 a.m. 
and 12 m. the tendency to gain is not so great as between 8 
and 10 a. m., but such a tendency is still predominant ; between 
12 and 2 p.m. a loss in power; between 2 and 4 p.m. a ten- 
dency to be somewhat stronger ; between 4 and 6 p.m. a 
tendency toward an equality in gains and losses — about the 
same as between 2 and 4 p.m. 
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These records may justify one in stating that in the case of 
F. S. there is normally a gain in voluntary muscular power 
between 8 and 10 a.m.; between 10 and 12 m. the gain is 
not so great ; between 12 and 2 p.m. there is usually a loss in 
power; and between 2 and 4 p.m. and 4 and 6 p.m. the 
tendency to gain in power is greater than it is between 12 and 
2 p.m. 

Case of F. S. — Ergograph, type 3. Weight, 2.5 kg. 
Rhythm, \" , 

SUMMARY. 
Comparing the hours 8 a.m. loa.m. i3 m. 3 p.m. 4 p.m. 6 p.m. 

No. showing gains 12 9 4 7 6 

No. showing losses i 4 10 10 9 

Total No. of comparisons . 13 13 14 17 15 

SUMMARY OF RECORDS MADE EVERY TWO HOURS BY 

A. A. O., H. C, AND F. S. 

On adding the number of comparisons in these three cases, 
one finds that : — Between 6 and 8 a.m. the number of com- 
parisons showing a gain is 61% greater than the number 
showing loss ; between 8 and 10 a.m. the number showing a 
gain is 52% greater than the number showing loss ; between 
10 a.m. and 12 m. the number showing a gain is 21% greater 
than the number showing a loss; between 12 m. and 2 p.m. 
the number showing gain is 33% less than the number show- 
ing loss ; between 2 and 4 p.m. the number showing gain is 
3% more than that showing loss ; between 4 and 6 p.m. the 
number showing gain is 6% less than that showing loss ; be- 
tween 6 and 8 p.m. the number showing gain is 15% less than 
that showing loss ; between 8 and 10 p.m. the number show- 
ing gain is 48% less than that showing loss. 
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6-3 a.m. 8-10 a.m. 10-12 m. 12-2 p.m. 2-4 p.m. 4-6 p.m. 6-8 p.m. 8-iop.m. 

A. A. O.— 

Gains .. 2063 2 6 6 55 

Losses. 323 2 3 4 13 13 

H. C — 

Gains. . 14 9 10 4 2 3 10 3 

Losses. 5 89 8 I 4 12 10 

F. S.— 

Gains. ... 12 9 4 7 6 

Losses ... I 4 10 10 9 

Totals — — — — — — — — — 

Gains. . 34 27 22 10 15 15 15 8 

Losses. 8 II 16 20 14 17 25 23 

Sum. .... 42 38 38 24 29 32 40 31 

Percentages — 

Gain . .80.95 7i-05 60.52 33.33 51.54 46.87 37.50 25.80 
Loss . .19.15 28.95 39*48 66.67 48.46 53.13 62.50 74.20 

The case of H. T. shows some of these same features, 
though the records were made on different hours from those 
of the three young men noted above. 

Case of H. T. — Student in languages ; records made during 
the sunmier while H. T. was at work. Not much exercise. 
In good bodily health. Age 21. 

These records evidence a tendency to gain in power between 
6 and 7 a.m. and between 7 and 8 a.m.; also between 12 and 
I p.m. and between 6 and 7 p.m. Between 7 and 8 and 8 
and 9 p. m. the tendency to lose in power gradually increases. 

Case of H. T. — Ergograph, type 3. Weight, 2.5 kg. 
Rhythm i". 

SUMMARY. 
Between hours of 6-7 a.m. 7-8 a.m. 12-1 p.m. 6-7 p.m. 7-8 p.m. 8-9 p.m. 9-10 p.m. 

No. of compari- 
sons showing 
gain .6 6 9 5 5 2 i 

No. of compari- 
sons showing 
loss 2 I o 3 5 8 4 

Total No. of com — — — — — — 

parisons 8 7 9 8 10 10 5 
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Summary, — These four cases indicate : (i) A morning rise in 
voluntary muscular power, lasting perhaps until noon, but often 
only until the neighborhood of 10 o'clock. (2) A period of 
decreasing power ranging from 10 a.m. until 2 p.m. — the 
greatest decrease coming between 12 m. and 2 p.m. (3) An 
afternoon tendency to a rise evident between 2 and 4 p.m. 
(4) A decrease in power evident at 6 p.m., more evident at 
8 p.m., and very evident at 10 p.m. (5) Some indication of 
a rise in power after the evening meal. 

2. Electrical Stimulation, 

The experimental details here were the same as those 
described on page 43. Variations in these details are outiined 
with the table of records. With the use of electricity instead 
gf the natural voluntary stimulus, the opportunity for the influ- 
ence of the mental attitude of the individual toward the work 
is much lessened. However, the difficulty of obtaining a series 
of satisfactory records from other individuals is still very great, 
the greatest difficulty being the control of another man's time 
to such an extent as to be able to use him regularly and when- 
ever wanted. 

Case of A. B. S. — Law student, athlete, age 21, in good 
bodily health. 

On looking over the summary of records in this case one 
finds : A morning increase in power between 8 and 10 a.m.; 
a lessened increase between 10 and 12m.; a decrease between 
12 and 2 p.m.; an increase between 2 and 4 p.m.; and a les- 
sened increase between 4 and 6 p. m. 

This variation is like that of the writer. The chief difference 
is that the afternoon rise begins later here, being more like the 
daily variations with voluntary contraction shown in the indi- 
vidual cases outlined above. 
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Case of A. B. S. — Ergograph, type 2. Electrical stimula- 
tion. 

SUMMARY. 
Between the hours of 8 a.m. lo a.m. 12 m. 1 p.m. 4 p.m. 6 p.m. 

No. of comparisons showing 

gain II 8 5 12 10 

No. of comparisons showing 

loss I 6 10 3 4 



Total number of comparisons 12 14 15 15 14 

Conclusions. 

It appears from the above experiments recorded in this 
paper that there is a normal daily variation in the power of 
voluntary muscle to do work, which is about the same whether 
that power is called forth by voluntary or by electrical stimi;- 
lation. 

This variation consists of a morning period of increasing 
ability, culminating an hour or two before noon, lasting 
sometimes until noon ; and an afternoon period of increasing 
ability, lasting until one or several hours before six o'clock in 
the evening. In each case the period of ability is followed by 
one of decreased ability. We have, then, a morning period of 
increasing power until ten or eleven o'clock, or later ; then a 
fall in power until noon or later ; then an afternoon rise until 
three or four o'clock, and a fall in power being evident at six ; 
an evening rise from six to seven or eight o'clock, and then a 
fall in power from seven or eight until ten o' clock. 

These conclusions are based upon the evidence furnished by 
several years of experimental work. This evidence has been 
derived from individual studies on the one hand, and from the 
study of a large group of individuals on the other hand. It 
has been furnished by ergographic and dynamometer tests ; 
and by electrical stimulation of human muscle. 

This evidence is certainly harmonious, even though derived 
from such different sources, and apparently points toward a 
general law governing the normal daily variation in the ability 
to do voluntary muscular work. 
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III. LITERATURE DEALING WITH THE DAILY 
VARIATION IN VOLUNTARY MUSCULAR 

POWER. ^ 

The work of Lombard is the most thorough treatise on this 
subject with which the writer is acquainted.^ This work was 
carried on during eight months, beginning in December, 1890, 
and ending in July, 1891, and was formed of four separate 
groups of experiments. 

The first was concerned with tests made every two hours, 
and lasted for a period of 23 days during the month of Decem- 
ber. The second series was like the first, but was concerned 
with the influence of smoking upon voluntary muscular ability. 
This series lasted for a period of 9 days during March. Dur- 
ing the latter part of March a third series of tests was made 
every two hours throughout the day and night for a period of 
7 days. The last group was composed of experiments made 
at irregular intervals with certain special objects in view. Lom- 
bard's conclusions bearing upon the daily variation in volun- 
tary muscular power are based upon the evidence of some 39 
days' work. These conclusions are as follows : 

There is a maximum of voluntary muscular power between 
10 and II a.m. and 10 and 11 p.m. There is a minimum of 
power between 3 and 4 p.m. and 3 and 4 a.m. There is an 
afternoon rise evident at 2 p.m., followed by a fall in power 
which is evident between 3 and 4 p.m. There is an evening 
rise evident at 6 p.m. and culminating at 10 p.m. 

One can see in the above some variations that correspond 
with those indicated in the preceding pages of this paper. In 
each there is a morning rise in voluntary muscular power, fol- 
lowed by a fall which is most evident about noon. In each 
there is an afternoon rise followed by a decrease in power. And 
finally, each shows a tendency to an evening rise followed by 

^See Storey: Physical Education Review^ 1902, VII, p. 209. 
^ J^ombard : Journal of Physiology, 1892, XIII, p. i. 
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another fall. There is naturally no exact identity between 
these two sets of variations. Each individual has his own 
peculiarities, and all that one can hope for is no more than a 
rough resemblance in the daily variations shown. One man 
will naturally fatigue more or less rapidly than another, and 
will react more or less quickly to the fatiguing and invigorating 
influences that- are common to each dav. Such individual 
differences are apparent, for instance, in the writer's afternoon 
maximum between 3 and 4 o'clock and Lombard's afternoon 
maximum at 2 o'clock ; or the morning maximum at 10 and 
II o'clock with Lombard and the writer, while the records of 
F. S. and H. C. usually show a gradual increase until noon. 
These individual differences are to be expected. They are not 
of a contradictory nature. 

Vaughn Harley's^ conclusions upon this subject may be 
viewed in the same light. He spent six days gaining evidence 
upon the daily variation in muscular power. He found : 

A morning rise until 11 o'clock and then a fall in power. 
An afternoon rise with its maximum at 3 o'clock. An after- 
noon fall between i and 2 o'clock ; one between 3 and 4 ; 
and another between 5 and 6, and 6 and 7. The greatest after- 
noon fall in power came between 5 and 6 o' clock . An evening 
rise following dinner at 7:10. 

Here again one finds a morning and an afternoon rise in 
power, followed in each case by a fall. There is also an eve- 
ning rise in power. This curve of daily variation is, then, very 
like Lombard's and that described by the writer. 

Kraepelin '^ finds a daily variation in which there appears a 
gradually increasing mental and muscular ability after each meal. 
This increase lasts for three or four hours and is then followed 
by a decrease in ability. The immediate influence of a meal 
may reduce one's ability, because of the demands which the 
digestive processes make on the blood supply at such a time. 



^WdxX^y, Journal of Physiology, 1894, XVI, p. 97. 
'-^Kraepelin : Zur Hygieine der Arbeit, Jena, 1896, p. 19. Zeiischrift 
fur Psychiatriey XXV, p. 593. 



